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Abstract
In this paper we present a Decision Support System (DSS) to estimate the values of the growth parameters from the yield effort
data of a harvested population. The software is developed using Visual C# programming language in windows form application.
Several softwares are used to check the validity of the multiple linear regression computational output in the DSS. The multiple
linear regression computation is done using Ordinary Least Square (OLS) method and its computation comes from the discretization
of two most known growth models, namely Logistic growth model and Gompertz growth model. We discretize the models in terms
of yield effort variables and used the resulting equations as the bases for computing the intrinsic growth rate r and the carrying
capacity K parameters which are the main ingredients in the MSY formula. Those models are also used as two selection tools
placed in the main menu of the software. We use an existing published data as an example to estimate the growth parameters.
We also compute the Maximum Sustainable Yield (MSY) for each model which represents the maximum amount of allowable
biomass extracted from the ﬁsh population without harming the sustainability of the ﬁsheries. Technically it suggests the value of
the maximum sustainable yield as a decision to the harvester in managing the population and is often represented in a function of
the growth parameters of the harvested population. Knowing the right growth parameters of the population is critical in determining
the MSY, since the MSY is not stable. Hence, using an inaccurate values of growth parameters is likely detrimental in applying the
MSY to the real ﬁsheries. Our DSS has a contribution as a tool in reducing the error in calculating the growth parameters and the
MSY. We found that the results are in agreement with the known literatures.
c© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of organizing committee of the International Conference on Computer Science and Computational
Intelligence (ICCSCI 2015).
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1. Introduction
Sustainability is an important issue in a ﬁshery industry. Many parties in the industry agree that there is a serious
condition that might interfere the sustainability of the ﬁshery, i.e. for an economic reason, many of the harvesters
have a tendency to exploit the ﬁsh population excessively that make it shrinks time after time. Over-exploitation will
reduce the ﬁshery stock and as a consequence any ﬁshery activity actually will not gain the sustainable yield anymore.
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Since the harvesters have a tendency to perform over-exploitation that could ruin the ﬁsh habitat, a ﬁshery manager
should control any kind of harvest activities in the ﬁshery, e.g. by knowing and implementing the threshold value of
harvesting, which is often called as the Maximum Sustainable Yield (MSY). It represents the maximum amount of
biomass that can be taken out from the ﬁsh population without harming the sustainability of the ﬁshery. Practically,
it is used to keep the population size stay over a threshold value of population level whenever harvesting activities is
undertaken in the long-term.
The awareness among ﬁsheries managers about excessive ﬁsh exploitation, its extinction issue, or ﬁsheries popula-
tion dynamic has created a demand for highly reliable software. The need for suitable mathematical models becomes a
prerequisite for building the software as a decision support system (DSS). The software is usually directed for comput-
ing several mathematical processes that guides the user to take a proper decision that support population sustainability
in managing the ﬁsheries, e.g. by giving the right estimation of the MSY. We argue that obtaining the amount of
biomass of a ﬁshery stock, at least its growth parameters, is necessary in order to sustain ﬁsh or aquatic populations in
the ﬁshery, since the MSY is a function of these growth parameters. In order to ﬁnd the right value of the MSY, a DSS
application needs a mathematical model used as the bases for the MSY calculation. Examples of known software with
such application are ASPIC1 and CASAL2. Here we propose a more user-friendly DSS by emphasizing the effect
of density dependent into known models, speciﬁcally we explore the inﬂuence of intra-speciﬁc competition into two
most known models in ﬁshery.
The paper proposes an integrated DSS using two different mathematical models as the bases for the MSY calcu-
lation, namely the Logistic and Gompertz growth models. The models are continuous growth models, so to run the
process in the computer, we discretize the models in terms of yield and effort variables to process the data input.
There are two discrete forms for each models generated in the computation. These two discrete forms, in terms of
yield and effort variables, are used as the bases for computing the intrinsic growth rate r and the carrying capacity
K parameters. A Multiple linear regression with ordinary least square (OLS) method is needed to ﬁnd these growth
parameters, which are the main ingredient in obtaining the value of the MSY.
The rest of this paper consists of 4 sections and organized as follows. We introduce the mathematical models used
in the development of the DSS in Section 2. The main difference between the known mathematical models with the
models in this paper is that here we consider the intra-speciﬁc competition factor in the models. Section 3 discusses
the design of the DSS followed by a case study using a known ﬁshery data set in literature. Section 4 furnishes the
concluding remarks of the research.
2. Mathematical Models
Nomenclature
X the population size of commercial ﬁsh stock X at time t
K the carrying capacity of the population
r the intrinsic growth rate of the population
q the catchability coefﬁcient of the population
α the intra-speciﬁc competition of the population
C the constant harvest rate in the exploited population model
E the total effort of the harvest at year n
U the catch per unit effort of the harvest at year n
It is known in literatures that to estimate the growth parameters in a continuous population model we can discretize
the model in several different ways3. Here we consider a parameterization of two different well-known models, the
Logistic growth model (eq. 1) and the Gompertz growth model (eq. 2), i.e.
dX
dt
= rX
(
1− X
K
)
, (1)
and
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dX
dt
= rX ln
(
K
X
)
, (2)
with the growth parameters r and K , respectively, represent the intrinsic growth rate parameter and the carrying
capacity parameter of the stock/population. Now, suppose there is a constant rate of harvesting C, then we have the
dynamics of the exploited population for the Logistic growth model is given by dXdt = rX
(
1− XK
) − C and for
the Gompertz growth model is given by dXdt = rX ln
(
K
X
) − C. In this new system, i.e. in a harvested system,
sustainability can be achieved when the growth of the harvested population is non-negative. The easiest one is when
the exploited population is at its equilibrium population size, i.e. when dXdt = 0. This steady-state condition ensures
the sustainability of the stock in the long term, and at the same time it gives the harvest as a function of stock
abundance, i.e. C = f (X; r,K).
The maximum allowable biomass that can be extracted from the system, without harming the system itself is called
the Maximum Sustainable Yield (MSY) which is theoretically, the largest catch that can be taken over an indeﬁnite
period. The ﬁrst appearance of the concept is recorded as early as 1930s4, 5, 6. For the Logistic model, the MSY can
be found when the population size is half of the carrying capacity7. In other words, it occurs at X = K2 so the value
of MSY for the Logistic model is given by C = rK4 . Meanwhile for the Gompertz model, it is easy to show that
X = Ke is the critical population size that gives the largest harvest C as its MSY with C =
rK
e
8.
It is clear that to obtain the MSY we have to know the value of the intrinsic growth rate r and the carrying capacity
K. Unfortunately, both the logistic growth model and Gompertz growth model cannot be used directly to ﬁnd the value
of r and K since known ﬁshery data is discrete and often measured in Catch per unit Effort (CPUE). Therefore, discrete
forms of those models are needed to parameterize the models. We summarize the available methods to parameterize
the growth model as seen in Table 1.
In Table 1, the symbol Un is the average CPUE for given year n and En is the total effort expended in year n. The
parameters r, q and K will be estimated by multiple linear regression ordinary least squares (OLS) with time series of
catch and effort data3. The regression will be performed as a special function that works like spreadsheets in the DSS
and it also will be used as the main computational process. Since harvesting at the MSY level ensures that the harvests
are still at sustainable yield, while harvesting above the MSY level leads to the extinction of the stock, then the value
of MSY comes as the main result of the DSS. It also equipped by a recomendation/interpretation of the MSY for the
user of the DSS (manager/harvester).
3. Decision Support System
A decision support system (DSS) is a model-based system aimed to support managerial decision making in various
situations, either semi-structured or unstructured situations9. The objective of our system is to support ﬁsheries
management decisions in the ﬁsheries industry. In other words, the system is helping the decision maker to extend
their decision making capabilities. The primary users of the system are the harvesters. They will use the system to gain
some information about the value of MSY that support their harvest decisions in order to maintain the population. We
use certain mathematical model as model base in order to design systematic computational process that implemented
in the DSS. Save Our Fishery version 1.1 was chosen as the temporary name of this DSS application.
A prototype of the DSS was implemented in windows form application using Visual C# as the programming
language. In the previous study13 we used some other software that have a capability to perform the OLS in order to
check the validity of some computational outputs, and also match the result using the same data source that desired
to be an automatic input or data sample feature in the DSS. In order to make a ﬁne comparison between the previous
DSS prototype and the new one, we adapt the feature and also make some improvement in several ﬁelds to the system.
3.1. DSS Design
In developing the system, code used for the computational process of OLS has been programmed manually and has
not used any other library or any kind of plugin that able to perform the multiple linear regression automatically. This
way was chosen in order to implement the mathematical process of the OLS, following the procedure step-by-step,
through the DSS to ensure that the processes would aim the right path of our framework and lead them to the right
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Table 1. Methods used for parameterization.
Growth Model Discretization Method Discretization Equation Equation Number
Logistic Schaefer 10 (1957) (Un+1−Un−1)
(2Un)
= r − r
qK
Un − q En (3)
α-Schaefer (
Un+1−Un−1)
(2Un)
= r − r
qαK
Un
α − q En (4)
Schnute 11 (1977) ln Un+1
Un
= r − r
2qK
Un + Un+1 − q2 En + En+1 (5)
α-Schnute ln Un+1
Un
= r − r
2qαK
Un
α
+ Un+1
α − q
2
En + En+1 (6)
Gompertz Fox12 (1970) Un+1−Un−1
2Un
= r ln (qK)− r ln Un − q En (7)
α-Fox Un+1−Un−1
2Un
= r ln (qK)− αr ln Un − q En (8)
CYP3 (1992) ln Un+1 = 2r2+r ln (qK) +
2−r
2+r
ln Un − q2+r En + En+1 (9)
α-CYP ln Un+1 = 2r2+αr ln (q
αK) + 2−αr
2+αr
ln Un − q2+αr En + En+1 (10)
outputs. For the system appearance, main window is organized in single compact windows form with three major
functional panels: Input data, regression and results. The system main window is shown in Fig. 1.
Fig. 1. The Systems main window.
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Fig. 2. The user needs to enter the number of rows for the input table.
There are three main functional areas in the input data panel. The ﬁrst step to do when a user wants to input some
required data is to ﬁll in the number of rows in the blank text box. This ﬁrst area is used to limit the number of rows
in the input table. Related to the catch effort data that collected by the harvester and about how many information
that desired to be analyzed, this area is also used for space reservation. So the number of rows that required for the
analysis process in the DSS can be arranged dynamically. It is recommended that the user input a number greater than
three, remembering the needs of the mathematical models that involve many variables. After that, the user should
press the Insert Rows button to reserve the desired cells (Fig. 2). The automatic input button could be used for the
case study in order to insert the data sample.
The next functional area is the input table. The availability of space depends on the number of rows that has been
input as a recent reservation. There are ﬁve columns with different headers that correspond to different categories:
order or data number, time (month, year, etc), catch, effort, and Catch per unit Effort (CPUE). Order number and year
cells are only used for indicating the different status of each data that has been input to the corresponding row. The
DSS uses catch and effort data in order to ﬁnd the value of MSY as a result or consideration to the harvester as the
primary user. Catch and effort data are required in order to continue the process of computation. The CPUE column
would be automatically ﬁlled after one of mathematical model and method has been selected respectively in the option
and the computation processes has been executed by the user. The characteristic makes the functionality of the table
seems work like a spreadsheet. The user could execute them after completed all required ﬁelds and clicked the MSY
button (Fig. 3).
Fig. 3. (a) Before execution; (b) After execution.
There are two options of mathematical models, namely Logistic and Gompertz (Fig. 3). If the user considers to
choose the Logistic models, there would be two options for the discrete approximation of Logistic model, Schaefer
and Schnute method. On the other hand, Fox and CYP method would come as the two options for the Gompetz model.
The two options for each models came as the improvement for the new DSS. In addition, we modify the Schaefer,
Fox, Schnute and CYP methods to involve the intra-speciﬁc competition rate α to enhance the robustness of the model
(Fig. 4). The discrete approximation would be used for the computational processes of multiple linear regression with
OLS in order to estimate the intrinsic growth rate r and carrying capacity K.
Fig. 4. (a) Logistic model with its discrete approximation; (b) Gompertz model with its discrete approximation.
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The output of the multiple linear regression process with the OLS method would be shown in the regression panel.
In this panel, the user would ﬁnd the regression coefﬁcients that will be used to calculate the three growth parameters,
r, q, and K. The growth parameters would be very useful in order to ﬁnd the MSY value. The value of each parameters
and MSY would appear respectively in the results panel with the recommendation box that comes as a suggestion for
the user (Fig. 5).
Fig. 5. The results panel with the recommendation box.
3.2. Case Study
As has been mentioned before, we also made a special feature that could help the user to load the data sample.
The data will be loaded to the table right after the user press the Automatic Input button in the input panel. The data
is taken from a well-known reference3. The automatic input button was placed right below the input rows area and
looks as shown in Fig. 6.
Fig. 6. The automatic input button.
After the user press the button, the data sample would be inserted directly into the input table. The next step is to
choose the mathematical model, to select the discretization method, and ﬁnally to execute the computation process.
There would be four possibilities for the execution, remembering that each mathematical model has two different
methods. The user needs to enter the competition rate α in the box that would be appeared after he or she selected
the method. The original Schaefer and Fox methods are obtained by giving the value α = 1 to the competition rate
(moderate competition is assumed).
Fig. 7. (a) Schnute method selected and the box appear; (b) CYP method selected and the box appear.
The multiple linear regression would be performed after the user click the MSY button. Then, there are three
regression coefﬁcients that would be appeared in the bottom section of regression panel, namely c1, c2, and c3. They
would be used for the calculation of the three growth parameters r, q, and K. The values of parameters for each method
would be different. It depends on which method that was selected by the user. As has been stated previously, code
used for the computational process of OLS has been programmed manually. There would be four possibilities. First,
if the user choose the Logistic model (Eq. 1) with the Schaefer method, the three growth parameters, r, q, and K, can
be estimated from (Eq. 11), (
Un+1 − Un−1
2Un
)
= c1 + c2
(
Un
)α
+ c3
(
En
)
(11)
where r = c1, q = −c3, and K = −rqαc2 .
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Second, if the user choose the original Logistic model (Eq. 2) or the modiﬁed Logistic model14, 15 with the Schnute
or α-Schnute method (Eq. 4 or Eq. 5), the three constants can be estimated from (Eq. 12)
ln
(
Un+1
Un
)
= c1 + c2
((
Un
)α
+
(
Un+1
)α
2
)
+ c3
(
En + En+1
2
)
(12)
where r = c1, q = −c3, and K = −rc2qα .
Similarly for the third option, if the user choose the Gompertz model (Eq. 2) with the Fox method (Eq. 6), the
three constants can be estimated from (Eq. 13)(
Un+1 − Un−1
2Un
)
= c1 + c2 ln
(
Un
)
+ c3
(
En
)
(13)
where αr = −c2, q = −c3, and K = e
( c1r )
q , with e as the Euler number.
Last but not least, if the user choose the Gompertz model (2) or the modiﬁed Gompertz model (analogous to the
modiﬁed Logistic model) with the CYP method or the α-CYP method (Eq. 7 or Eq. 8), the three constants can be
estimated from (Eq. 14)
ln
(
Un+1
)
= c1 + c2 ln
(
Un
)
+ c3
(
En + En+1
)
(14)
where r = 2(1−c2)α(1+c2) , q = −c3 (2 + αr), and K = e
c1(2+αr)
2r
qα , with e as the Eulers number.
After the system found the intrinsic growth rate r and the carrying capacity K, the value of the MSY for the Logistic
model can be calculated with equation
MSY = r
(
K
1 + α
) 1
α
(
1− 1
1 + α
)
(15)
A similar way is applied to the Gompertz model, in which after the intrinsic growth rate r and the carrying capacity K
has been found, the value of the MSY can be calculated with equation
MSY = re
1
α ln K−1 (16)
It is clear that the value of intra-speciﬁc competition rate α is equal to 1 if the user choose the ordinary Schaefer or
Schnute method. Fig. 8 shows the result of the simulation uses the data set in the published reference3. The results
of the computational process would also appear in the results panel, right after the user click the MSY button. The
recommendation would be shown in the right section of this panel, with the value of MSY and the determination
percentage.
Since the main difference between our DSS and other ﬁsheries software is the availability of the intra-speciﬁc
competition rate, we use the data set in3 and looking for the best ﬁt of the intra-speciﬁc competition. We present here
only for the logistic model, since the method and the presentation is similar for the other model. Fig. 9 shows the MSY
for the logistic model based on the data set in3 as the function of the intra-speciﬁc competition α, from the Schaefer
and Schnute method (upper ﬁgure). Both method give an increasing MSY with the respect to the increase of the
competition rate α. However, the determination coefﬁcient with varying the intra-speciﬁc competition (lower ﬁgure)
shows that the best ﬁts for α is different. In this case Schaefer method gives α = 2.2 with its MSY=999,213 while
Schnute method gives α = 2.0 with its MSY=1,187,090. Hence, assuming a moderate intra-speciﬁc competition,
such as common in many application, is certainly inappropriate (i.e. α = 1 with MSY=1,074,237 (Schnute) and
MSY=877,947 (Schaefer) are not good estimates).
4. Conclusion
In this paper an integrated decision support system (DSS) has been proposed for supporting ﬁsheries management
decision making in ﬁsheries industries. The system helps the decision makers to extend their decision making capabil-
ities. The objective of the system is to ﬁnd the value of the MSY or harvest level recommendation to the user. Multiple
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Fig. 8. (a) The results of Schaefer method; (b) The results of Schnute method; (c) The results of Fox method; (d) The results of CYP method.
Linear Regression with Ordinary Least Square (OLS) method is needed in order to ﬁnd several growth parameters.
The multiple regression computation comes from the discretization of two growth models, namely logistic growth
model and Gompertz growth model. We discretize the models in terms of yield effort variables and used the resulting
equations as the bases for computing the intrinsic growth rate r and the carrying capacity K parameters which are
the main ingredients in the MSY formula. A case study from a catch-effort data has been illustrated to depict the
usefulness of the model. We use a well-known data as an example to estimate the growth parameters and to ensure
that the results comform to the known result in the literature. The work can be extended to a coupled-growth model
as in some literatures8, 16. It is currently under investigation.
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